The agronomical and fruit quality trait influence was evaluated for five almond x peach 12 hybrid and one P. davidiana x peach hybrid rootstocks. The six rootstocks, Adafuel, 13
efficiency was recorded on Cadaman rootstock with both varieties, although differences 27
were not significant with Felinem for 'Queen Giant '. 28 On average, the highest fruit weight was recorded on Adafuel and Cadaman for both 29 cultivars. For 'Queen Giant', the greatest soluble solids content (SSC) was recorded on 30
Adarcias and Cadaman, and the lowest on Garnem and GF 677. The highest titratable 31 acidity was also induced by Cadaman rootstock but it did not differ significantly from 32
Adarcias. Correlations between some agronomical and fruit quality traits were found. 33
The less vigourous rootstocks seem to induce a better fruit quality to the studied 34
Tree mortality 151
Mortality rate was high for some of the rootstocks tested, particularly Felinem and 152 Garnem (Fig. 1 ). These two rootstocks experienced the highest tree mortality with 153 100% of dead trees for the 'Tebana' cultivar. Therefore, these scion-rootstock 154 combinations were not included in the rest of the study. 155
For 'Tebana' cultivar, Garnem rootstock had lost all replicates at the third year after 156 budding (2001) . Felinem experienced more progressive tree mortality with 16.5%, 67% 157 and 16.5% of dead trees in 2000, 2001 and 2006, respectively (Fig. 1) . Lower mortality 158 was found for Adafuel and Cadaman with only a single dead tree (16.5%). In contrast, 159 all trees budded on Adarcias and GF 677 survived well to the end of the experiment. 160 'Queen Giant' showed a 33% mortality rate on Felinem at the third year after 161 budding. Nine years after budding, mortality on Garnem was 16.5%. No dead trees were 162 found for Adafuel, Adarcias, Cadaman and GF 677. 163 164
Tree growth, yield, cumulative yield and yield efficiency 165
Results for 'Tebana' include only Adafuel, Adarcias, Cadaman and GF 677 166 rootstocks, due to the high mortality of trees on Felinem and Garnem (Fig 2) . At the 167 twelfth year after budding (2010), the lowest vigour was induced by Adarcias for both 168 cultivars (Table 2 ). This rootstock showed 37% and 48% reductions in TCSA for 169 'Tebana' and 'Queen Giant' respectively, compared to TCSA on GF 677. Contrastingly, 170 the highest TCSA was shown by Garnem and GF 677, although not significant 171 differences were found with Felinem for 'Queen Giant' ( Table 3 shows factors affecting fruit quality parameters in both cultivars. ANOVA 187 results showed no significant interaction between rootstock and year, except for the 188 ripening index of 'Queen Giant' with a significance value of 0.05. The significant effect 189 of year was found for all traits except for SSC in 'Tebana' cultivar. 190 For 'Queen Giant', the highest mean fruit weight was recorded on Adafuel, 191 Cadaman and GF 677, and the lowest on Adarcias, although not significantly different 192 from Felinem (Table 4) . For soluble solids content (SSC), the greatest values were 193 recorded on Adarcias and Cadaman (Table 4 ) and the lowest on Garnem and GF 677, 194 while Adafuel and Felinem did not significantly differ from either of them. Small but 195 consistent differences in titratable acidity (TA) were found among rootstocks 196 throughout the years of study (Table 4) . On average, the highest TA was induced by 197 9 although Garnem did not differ from any of them. No consistent differences were found 201 among rootstocks for fruit firmness during the study, except for the first year of analysis 202 (2008) when Cadaman produced the highest firmness of fruits, although it did not differ 203 from Adafuel (Table 4) . 204
Throughout the study, no consistent differences for fruit quality parameters were 205 found among rootstocks for 'Tebana' cultivar, with the exception of fruit weight (Table  206 4) and chromatic parameters in 2010 (data not shown). On average, Adafuel and 207
Cadaman rootstocks resulted in the largest fruit weight of 'Tebana' peaches, whereas 208
Adarcias and GF 677 induced the lowest (Table 4) . 209
Significant differences were found between rootstocks in L*, a*, b*, C* and H 210 colour parameters for 'Queen Giant' cultivar (Table 5 
Phenotypic correlations 220
A high significant and positive correlation (Table 6 ) was observed between TCSA 221 and yield for 'Queen Giant' (r = 0.556, P ≤ 0.01) and 'Tebana' (r = 0.688, P ≤ 0.01). 222
In 'Queen Giant', a significant positive correlation was found between TA and flesh 225 firmness (FF), as well as between RI and SSC. On the contrary, a significant negative 226 correlation was found between TCSA and SSC and between TA and fruit weight. In 227 both cultivars, we found a significant positive correlation between yield and FF, SSC 228 and fruit weight, and FF and SSC. Significant negative correlations were also found 229 between SSC and yield, as well as between FF and RI (Table 6) . 230
For both cultivars, significant correlations were observed between year and fruit 231 weight, as well as between year and SSC. There was no correlation between year and 232
TA. 233
Only hue angle (H) showed a significant negative correlation with TA (r = -0.315, P 234 ≤ 0.01) in both cultivars, meaning that decreasing the TA will increase the H parameter. 235
No significant relationship was found between colour measurements and FF, SSC or 236 fruit weight (Table 6) . 237 238
Discussion 239
Twelve years after budding, growing conditions generated varying levels of tree 240 mortality, the highest with Felinem and Garnem rootstocks. For these two rootstocks, 241 100% of trees died for 'Tebana' cultivar. The 'Tebana' plot situation was established 242 closer to the irrigation canal than the plot with 'Queen Giant', and likely more prone to 243 flooding. For Adafuel and Cadaman, the mortality rate was low. No dead trees were 244 found on Adarcias and GF 677 at the end of the experiment. In these growing 245 conditions, tree mortality could be attributed to the sensitivity of almond x peach hybrid 246 rootstocks to root asphyxia (Felipe, 2009) or susceptibility to various root rot pathogensConsequently, Adarcias may be suitable for reducing excessive growth of peach 250 cultivars or to increase planting density and to decrease management costs (Moreno and 251 Cambra, 1994) . The higher vigour induced by Felinem, Garnem and GF 677 on 'Queen 252 Giant' and Adafuel, Cadaman and GF 677 on 'Tebana' is comparable to that induced by 253
Adafuel with a similar productivity for 'Catherine' and 'Flavortop' cultivars, as 254 described by Moreno et al. (1994) . The greater vigour, on fertile and well-irrigated soils, 255 may become excessive for good orchard practice unless some irrigation and other 256 cultural practices are modified. Vigourous rootstock appears suitable for peach 257 production under replanting conditions or in poor and calcareous soils that might 258 otherwise not be favourable for growing peach (Cambra, 1990; Moreno et al., 1994) . Garnem, among other rootstocks, to calcareous soils with high lime content. This is 267 probably because of a more chlorosis-tolerant almond parent. Such adaptation probably 268 results in higher vigour and yield for GF 677 and Felinem rootstocks. In Zarrouk et al. 269 (2005) it is interesting to note that the most vigourous rootstocks, such as Felinem and 270 nutrient concentration for Mg, showing that Cadaman has the maximum value of yield 273 efficiency (in our study) and a maximum concentration of Mg in Zarrouk et al. (2005) . 274
The statistical analysis showed the significant effect of year for all quality traits, 275 except for SSC in 'Tebana' cultivar. The year-to-year variation in fruit quality 276 parameters may be explained by the differences in annual temperatures and crop load 277 over the 3 years of study. However, no interaction was found between rootstock and 278 year, except for the ripening index of 'Queen Giant'. This result suggests that ripening 279 index is more influenced by the environmental conditions over the growing season than 280 the other traits, in agreement with Brooks et al. (1993) . Pearson's correlations coefficients between traits observed over three years (2008-2009-573 2010) in almond x peach hybrid rootstocks budded with 'Queen Giant' and 'Tebana' 574 cultivars for the average of the 3 years of study 575 
